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Introduction 
 

“Belize signed the United Nations Framework Convention on Climate Change (UNFCCC) 
at the United Nations Conference on Environment and Development (UNCED) in Rio de Janeiro, 
Brazil in 1992 together with the leaders of the other nations.  This was done to show that Belize 
recognized that the challenges of climate change were an international matter that required 
concerted action.  Belize ratified the Convention in 1994. 
 
 As a signatory, Belize recognizes its common but differentiated responsibility to 
contribute to the international effort to meet the ultimate objective of the Convention: 
“stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the climate system…within a timeframe sufficient to 
allow eco-systems to adapt naturally to climate change, to ensure that food production is not 
threatened and to enable economic development to proceed in a sustainable manner”(UNFCCC).  
As a non-Annex I Party, however, Belize must have “access to the resources to achieve 
sustainable social and economic development” (UNFCCC) since as a developing country the 
overwhelming obligation of the nation is poverty alleviation and sustainable economic 
development.  Therefore, Belize is not obliged to limit its emissions of greenhouse gases. 
 

It is essential that climate change issues be incorporated in the development process of the 
country.  Belize would like to use its natural resources to assist the world in meeting the 
challenges presented by climate change as long as such activities meet the development 
objectives of the nation.” 

 
This report looks at two projects that the Government of Belize, in cooperation with Cuba, 

carried out over the last few years, and how these poverty alleviation projects also assisted with 
the mitigation of greenhouse gasses. 
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Solar Power Project in San Benito Poite 
 
HISTORY 
 

 
  

San Benito Poite village is forty five (45) years old. The original name of the community 
was Juventud. The second generation which consisted of six families settled just before the 
Machaca River and the community. These people later in the year moved to higher grounds due 
to flooding. The original site is now use for farmland. The original founders of the community 
are Mr. Pedro Makin, originally from Guatemala; Mr. Albino Makin, Mr. Santiago Cal deceased 
and Mr. Manuel Ack.  
 
 The community was founded in 1963. The name was change from Juventud to San Benito 
Poite in honor of the saint, San Benito. The main reason for the first settlement was because of 
fertile land, beautiful forest, availability of land for farming and the abundance of wildlife (flora 
and fauna) for hunting purposes and the proximity to the border line to market local produce.   
 
 The first settlers were also amazed by the two rivers mainly the Machaca and Poite rivers 
both originating from Guatemala. Many years ago, the rivers were populated with fresh water 
fish.  In the late sixties (60’s) farmers used horses and mules to transport produce. They would 
pass through trails from the community to Aguacate and Santa Theresa village. There was no 
public transportation to the village in those days. There are two trails from San Benito Poite 
Village to Rio Blanco, Guatemala. 
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GEOGRAPHY 
 

 
  

San Benito Poite is an 
inland and hilly community, 
bordered by the Machaca and 
Poite Rivers that originate 
from Guatemala. The 
community is situated on top 
of a hill. The village is 
surrounded by mountains and 
high bushes. The community 
stretches about a mile in 
distance along the road.  
 
 Households are more 
concentrated at the end of the 
village and on top of a hill. 
The inhabitants of the community settle in a reservation system. The effects from hurricane Iris in 
2001 appear to be minimal. Their farm land is bordered by Santa Theresa to south and Aguacate 
to the west. The International boundary line is about 3 miles away from the community.  
 
 There is a living water spring situated very close to the community. The villagers fetch 
water from it especially during dry season. The Machaca River flows at the entrance of the 
community while the Poite River flows north of the community. Both rivers meet at a distance 
away from community and flows into the Moho River, one of Belize’s major rivers. The rivers 
provide the inhabitants of the community with a source of food (fish) all year round. We saw 
some fish locally known as Machaca that were well over 12 inches in length.  This is indicative 
of the health of the river and surrounding environments, (personal observation, Palacio and Miller, 
2008). 
 
 
SCHOOL ENROLMENT  
 

Table 5.1                                    School Enrolment 
Institution Total Enrolment Male Female 
Primary 178 94 84 
Secondary 9 8 1 
Tertiary 0 0 0 
Vocational 0 0 0 

  
 
 The children leaving school are between the ages of fourteen (14) to sixteen (16) years. 
The majority leaves school and takes up farming at fourteen (14) years of age. Many of the 
parents would like to send children to secondary school; however, the main constraint is finance.  
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COMMUNITY ECONOMICS 
 
 Most women are engaged in domestic work but they do some arts and craft during their 
spare time. The men are self employed in subsistence farming and work on the outskirts of the 
village.  Most of the products are sold small scale in Guatemala. 
 
 Some villagers are involved in small scale logging using chain saws. The lumber is sold 
to neighbouring community. Rice is sold at the Belize Marketing Development Corporation in 
Big Falls Village, Toledo, while beans, corn and cattle are sold in Rio Blanco, Guatemala. This is 
their main informal market outlet located 10 miles away from San Benito Poite. It takes 
approximately 3-4 hours walking to get there.  
 
  The major constraint encountered by the farmers is the lack of local market in the district 
for local produce. Main commodities such as black beans and cattle are easily sold in Guatemala, 
but the price is very low. The farmers are paid in Quetzales, (Q). (Quetzal is the Guatemalan 
monetary currency and is approximately 3.50Q to $1.00 Bze).  Quetzal money can be spent to 
buy basic supplies in the community 
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Overview of the Project 
 
 While this project was funded primarily by an Italian donor, it was a joint project of the 
governments of Cuba and Belize. Solar photovoltaic power systems were installed at every home 
and community building that existed in the remote village of San Benito Poite at the time of the 
project. No papers were signed and there was no indication of any written or verbal agreements 
with regards to the power systems. A complete system consisted of one or more solar panels, a 
charge controller, one or more deep cycle batteries, a 500W inverter, a power box with 4 dc 
circuit breakers, wiring, and mounting. 
 
From village records of October 2004: 

 
1. 85 homes had 1 panel systems installed 
2. The school had a 3 panel system installed 
3. 4 churches each had 1 panel systems installed 
4. The teacher’s house had a 1 panel system installed 
5. The community center had a 3 panel system installed 
6. 5 street light systems were installed 

 
Mr. Jose Rash, Mr. Mateo Teul and Mr. Juan Ash received training on solar systems. 
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Current State of Project 
 
Eleven (11) homes and the community 
center have had inverters fail. (See picture 
of failed inverter). The community center 
has replaced its inverter. Ten (10) of the 
homes have switched to using dc lighting 
so as to access the power without an 
inverter. Three (3) of the five (5) street 
lights were also not functioning. Three (3) 
of the home systems have been removed 
from the village as residents moved to 
another village. We found evidence of no 
safety problems, fires, or accidents relating 
to the solar power systems.  There were no 
major accidents or incidents reported 
during this consultancy. 
 
The following information was found regarding the project during visits in early 2008. 
 
Individual Homes: 
 
 Each individual home has a 100 Watt Solar Panel, a 20Amp Charge Controller, a Deep 
Cycle Battery, and a 500 Watt Inverter with interconnections and 4 circuit breakers. These 
systems can produce approximately 17.5kWh/month on average. All homes were provided with 
Compact Fluorescent Lights. 
 
 Average Power Use: 7.3 kWh/month 
 Least Power Use: 1.3 kWh/month 
 Most Power Use: 17.5 kWh/month 
 
 We note that energy-saving compact fluorescent lights were provided by the project, and 
that providing the same amount of light using the more common incandescent bulbs would 
require that home power use would instead be: 
 

Average Power Use: 28.5 kWh/month 
 Least Power Use: 3.8 kWh/month 
 Most Power Use: 75.5 kWh/month 
 
 
 Peak power use for the village totalled 4 hours per day, from 5 am to 6 am and from 6 pm 
to 9 pm. However, power was used at all hours of the day. 
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Fifty two percent (52%) of homes were using the solar power solely for lighting purposes. Forty-
eight percent (48%) of the homes also used the power for other devices, such as radios, fans, 
television, DVD, iron, hair clippers, and stereos. 
 
 Eleven homes have had their inverters fail. Most of these failures seem to be caused by 
lightning / electrical storms. The villagers indicated that they had been instructed to never turn off 
the circuit breakers, nor disconnect the inverters. Yet either of these actions might have saved a 
majority of the inverters from failing. The majority of homes without inverters have switched to 
using DC lighting as these run without an inverter and still provide the needed light.  Worthy of 
note (due to his experience and knowledge of solar systems) Mr. Mark Miller was able to educate 
the villagers. He shared with them that it is good to turn off their circuit breakers and disconnect 
the inverters during bad weather and storms. 
 
 Three families have moved from the village, and taken their solar electric systems with 
them. There was no documentation during the project implementation with regards to ownership 
of the systems, and it was a matter of debate among the villagers as to whether they were for the 
individual families or for the community. 
 
 One family had moved into the village, and two families have been formed in the village 
since the inception of this project. These families did not have solar electric systems, and would 
have appreciated one. 
 
 While 96% of the people indicated that they felt the solar electric systems were too small 
and should be expanded, only 20% of the homes were utilizing their solar power to its full 
potential. 
 
 
Public Buildings and Spaces: 
 
Churches: 
 
 The four churches that existed at the time of the implementation of the project each 
received the same systems that were installed in the individual homes. These systems tend to get 
less use as the churches were generally used 2-3 days each week instead of everyday like the 
family homes. Similarly to the homes, there was a split between lights only use and lights plus 
other equipment (PA / keyboards / etc.) Average power use for churches was 6 kWh per month. 
 
Community Center:  
 
 The community center had a solar electric power system made up of three 100 watt panels, 
a 20 A charge controller, two Deep Cycle Batteries, and a 500 Watt Inverter with 
interconnections and 4 circuit breakers. This system can produce approximately 52.5kWh/month. 
The use of the system was sporadic, as it was used for community meetings and events. The 
inverter at the community center had failed, and no power was being used at this building for 
months. Between the time of our initial and final visit, the inverter was replaced by the village 
council. 
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School: 
 
 The primary school had a solar electric power system made up of three 100 watt panels, a 
20 A charge controller, two Deep Cycle Batteries, and a 500 Watt Inverter with interconnections 
and 4 circuit breakers. This system can produce approximately 52.5kWh/month on average. The 
school regularly used all power available for running lights, computers, and other equipment in 
the school. The inverter was inadequate for the needs of the school. A larger overall system was 
warranted. 
 
Street Lights: 
 
 Five individual solar powered street lights were installed around the village. Each of these 
produced approximately 17.5kWh/month and lit automatically as night fell. Three of the five 
were not currently working, perhaps due to failed light bulbs. The villagers seem unclear as to 
whose responsibility it was to deal with this. 
 

 
 
 
Total Electrical Power Use from Solar Project Installation in Village:  
 

780 kWh/month using energy saving CFL lights that were provided 
 

2,600 kWh/month if incandescent lights had been used 
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Methodology 
 

To get the data contained in this document the consultants employed a multiplicity of 
approaches. They are summarized as follows: 
 

1. Focused discussions 
2. Training of students to conduct interviews 
3. Interviews 
4. Visits 
5. Observations 
6. Development and questionnaires/ instrument survey 
7. Literature review 
 

Focussed Discussions: 
  Both consultants met on several occasions during the course of this consultancy. This 

includes visits to Belmopan to meet with government officials associated at various levels to the 

San Benito Poite Solar Project. We met with the following persons: 

·  Mr. Earl Green and Carlos Fuller at CCCCC 
 

·  Mrs. Lilia Zaiden at Ministry of National Development 
 

·  Mr. Artemio Osorio at Ministry of Finance 
 

·  Hon. Marcial Mes at his Belmopan Office 
 

 The primary goal of this specific visit was to give the authors an insight into the 

background of the solar electrification project in San Benito Poite. 

 

Training of UB Students:  

 Subsequently, the consultants drafted a framework for the development of a survey 

instrument and its implementation. As per the bid submission, three University of Belize (Toledo 

Campus) students were identified and brought on board. This was a concrete strategy (In 

accordance with the philosophy of the authors) to enhance skills among students from the area.   

An initial visit was made to the village to test the questionnaire, after which the authors modified 

the instrument. Students then went along with the authors to gather data. The authors and students 

would then meet at strategic locations in the village to discuss the challenges that they 

encountered.  This system worked very well. 
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Visits/Interviews/Observation: 

 The authors ensured that mental, written, and digital notes were made and used these to 

develop this study. On the visits, the authors ensured that persons knowledgeable about the 

project were identified and interviewed.  

 It was very important to get some one-on-one with the village leaders as well as the most 

sought after individual, Mr. Jose Rash, who was identified as the most knowledgeable person of 

the operation of the solar system. 

 

 All major players including the Alcalde (Traditional Mayan Ruler, primarily responsible 

for maintaining law and order), the chairman and the councillors met in a village meeting to 

discuss the solar project and to inform the villagers of the need to cooperate to get the required 

information. Selected pictures taken are in this document.  

 

 The authors physically checked the power ratings and determined the average hours of 

usage of each electrical device.  This information was necessary to establish the kilowatt hours 

used. 

 

Development and use of questionnaires / instrument survey: 

 

 To decrease the margin of error it was decided to increase the sample size to 50% instead 

of 25% which is still a high sample size. While UB students gathered information from the 

villagers, the consultants walked around to look at the systems, and get ideas of the villager’s 

experiences and sentiments regarding the solar electrification project. The villagers were 

agreeable and eager to share. 

 

 Using all of the strategies listed and described above made this study not only in depth, 

but also an important building block in cross-training and learning and enhancement of human/ 

cultural relations.  We the authors of this document learnt a lot from the villagers and the 

villagers also profited from our collective skills and experiences. 
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RESULTS ANALYSIS 
 

History of Energy usage before the Solar Project: 

   

 Findings show that the village of San Benito Poite was traditionally using firewood for 

cooking (97%) and a kerosene lantern where necessary for light. Before the solar electrification 

project in 2004 there was only 1 respondent who had access to a gas generator. About 63% used 

kerosene lamps, while 50% used candles; only one respondent had their own solar system. 

 

Current appliance usage patterns with the Solar Project: 

 

 Since the solar electrification project, an entire litany of equipment and appliances were 

added and were being used in the village. These were as follows: 

 

APPLIANCE  % Of Use By Respondents  

Fans 10 

Lights 86.6 

Radios 46.6 

TV 20 

DVD 13.3 

Iron 3.3 

Telephone 6.6 

Christmas lights 16.6 

Trimming machine 3.3 
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Use of Appliances by Villagers of San Benito Poite 2008
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Villagers used the system primarily for lights:  

 The table above indicates that most people use the solar system primarily for lights 

(86.6%) followed by the radio (46.6%) other significant use included entertainment, Christmas 

lighting (16.6%),  TV (20%), and DVDs (13.3%). 

 

Communication Equipment such as 

Telephone considered important  

Even though appearing at only 6.6% the use 

of and access to communication equipment 

especially the telephone must not be 

overlooked in one of the most remote villages 

in the district. All these were impossible 

before the solar electrification project, but 

was identified as very necessary. 
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The Villagers believed that the Area Representative played the most crucial role: 

 

 The community shared that the Area Representative was the one who enlightened them 

about the project (56.6%), followed by village Alcalde (33.3%). However, some indicated that 

the village Alcalde was most instrumental in getting this project (46.6%) followed by the Area 

Representative (26.6%). 

 

Most did not know of the Italian Donor:  

 

 Half (50%) of the sample indicated that they did not know who funded this project versus 

36.6% who claimed they knew. This is important information for any type of follow up. 

Communities will need to be more informed and involved from day one. Most of the 

respondents (53%) stated that the Cubans were the main entity involved in this project, followed 

by the GOB (23.3%). Only 6.6% mentioned the role played by the Italian donor. 

 

 The authors have concluded that this was due to the visibility of the Cuban Technicians 

and the role played by the Area Representative. For some reason not much was even mentioned 

about the donor. Note that only 6.6% mentioned anything of the donor. 

 

Training was considered insufficient: 

 

 Seventy six percent agreed that some level of training was delivered by the Cuban 

Technicians. However, a smaller percentage (16.6%) believed that training was lacking or non 

existent.  Short of documentation the authors cannot prove or disprove this matter, but will offer 

recommendations and that speaks to general education to the recipients as well as the need for 

documentation and signed agreements. 
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Participants knew who to contact to fix their problems: 

 

 Most respondents indicated that the person that they would contact if something were to 

malfunction with their system was Mr. Jose Rash (86.6%) while 16.6% stated Mr. Mateo Teul 

 

Participants were delighted by better lighting, children’s education, etc: 

 

 Overwhelmingly it was better lighting (86.6%) that appealed most to the villagers, 

followed by children’s education (76.6%). Respondents expressed that as a result of the lights 

they also felt safer (23.3%). “If someone were to get sick it was easier to take care of them”. This 

was what 23.3% of the respondents shared. New access to entertainment such as TV, videos and 

DVD was stated by 26.6% of the respondents. 

  

Rationale for granting of project: 

 Villagers (86.6%) believed that the main reason for granting of this project was due to the 

geographical remoteness of the village and distance from the main grid. Other reasons given were 

as follows: 

·  They think we are poor – 30% 

·  Government wants to help us – 20% 

·  Donor wants to help us – 23.3% 

·  The Area Representative asked for it – 6.6% 

·  Other – 3.3% 

 

Impacts of the solar electrification project: 

 

 Clearly the villages were in agreement that the biggest impact was the children’s 

education (90%). Many also enjoyed the new social benefits and believed that they actually 

socialized more (63.3%). 
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 The use of a television, computer, more amenities and “other” reason, all accounted for 

33.3%. In the “other” category respondents shared that other villagers asked them about their 

system with the expectation that they too should get this facility.   

 

Reliability of system: 

 

 Majority of the respondents could have used their system all the time (66%), versus those 

who experienced some problems at times (33%). Reasons given for not being able to use the 

system were: 

·  Bad weather – 20% 

·  Inverter problems – 13 % 

Worthy of note was that 23.3% stated that their system was excellent, from the installation up to 

the time of the study. 

 

Reason for recommending project: 

 

 The main reasons for recommending this project were: 

·  Good for children’s education – 73.3% 

·  The village is brighter and we feel safe – 76.6% 

·  Access to new appliances – 16.6% 

·  Other – 6.6% 

 

Suggestions for Improvement: 

 

 Most commonly, respondents suggested that there should have been trained persons to 

monitor the system (70%). More education accounted for (62%) and more consultation (36%) 

was also deemed critical. Only 6.6% thought that it should be done the same way. Specifically 

identified was the need to have signed agreements and by-laws, as well as signs, posters and 

another battery. However less than 7% saw the need for this. 
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Other energy sources: 

 

 The only other source of energy that was appealing to the respondents was hydro power 

accounting for 43.3%. No one (0%) was interested in any of the following:- diesel generator, gas 

generator, biogas, wind and butane. 

 

Bigger Solar System: 

 

Ninety six point six percent (96.6%) stated their interest in a bigger solar system. Nobody (0%) 

disagreed to this. 

 

Recipient’s Satisfaction with the System: 

 

Eighty three percent stated that they were very happy with this project. A much smaller 

percentage (10%) stated that it was good. Only 1 respondent (3.3%) thought it was fair. Nobody 

(0%) saw it as a bad project. 

Similarly 83.3% were very happy 

with the project, versus 16.6% who 

said that they were happy. Nobody 

(0%) was unhappy with this project.  

Overwhelmingly people were very 

happy with their solar system.   

But will this impact on 

sustainability?  Our modest 

projection indicates that if one is 

happy with something they will 

keep it. Human beings are 

creatures of habit. Therefore, even though some stated that they were unwilling to pay to sustain 

their systems, we believe that they possibly would, based specifically on the premise that they 

indicated a very high degree of satisfaction with the system, and the conveniences they enjoyed 

(83.3%). 
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Sustainability Issues 

 

 Findings show that while nobody expressed any level of dissatisfaction or unhappiness 

with this project and while an overwhelming number (96.6%) would like to have even bigger 

solar systems, not many were in agreement to pay. In fact 40% of the responds would prefer to 

pay nothing at all. This should raise some red flags for those who take sustainability seriously, 

but when part of this system fails (batteries, inverters) it is our view that in fact some will replace 

them since they will miss the convenience enjoyed over the years.    

 

 From the inception there seems to have been some political misinformation and some 

promises were made that “if and when anything goes bad, we will replace it for free”. 

Additionally, and significantly, there was and is (up to the time of this study) no structure or 

systems in place to ensure continuity of this project. The authors submit that in three to four years 

time the batteries will cease to function. 

 

A system should be put in place immediately to look after continuity of the solar system.  This 

system must be uniquely a la San Benito Poite.  Village leaders must put their best feet forward 

on this issue. This system will need to include a users fee. 

 

 It is estimated that to make the system sustainable a users fees is a must. This fee is 

estimated around $22.00. However, note that 40% of the responds would prefer to pay nothing at 

all while 43.3% were willing to pay only $5/month and 0% agreed to pay anything higher. Two 

of the respondents were willing to pay $1/month, while (10%) agreed to a $2/month fee. 

 

 Villagers also shared that a credible committee would have to be in place to handle these 

fees. There were obvious levels of apprehension coming from the villagers regarding this issue.     
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GHG Emissions Analysis 
 
 Analysis of the Greenhouse Gas Emissions avoided by this project is based on the village 
power use and the common methods of providing power if the solar project had not been done. 
One very common method for supplying power to a remote village is to set up a diesel generator 
for the village and to wire to each home. Another common method is to extend the electrical grid 
as provided by the monopoly Belize Electricity Limited. 
 
 Electrical power is used by someone in the village at all hours of the day, but there are 
clear peak patterns for an hour just before sunrise and for three hours just after sunset. As noted 
earlier, the total electrical power use from the solar systems in the village: 
 

780 kWh/month using the energy saving CFL lights that were provided 
 

2,600 kWh/month if incandescent lights had been used which is more typical in Belize 
 
 For purposes of this report, all calculations will be based on the most common alternatives 
if the project had not happened, thus we will examine greenhouse gasses avoided based on a 
village use of 2,600 kWh/month. 
 
 
 
Alternative #1: A Diesel Generator for the Village 
 
 A 20kw diesel generator would be a typical size to provide the necessary power for a 
village of this size. During the 20 off-peak hours each day, the generator would run at only 25% 
of its power rating, and during the 4 peak hours each day, the generator would run at 50% of its 
power rating. This relates to typical values of 0.6 gallons of diesel per hour during off-peak hours, 
and 0.9 gallons of diesel per hour during peak hours.  
 
Thus calculations can be made using the following values: 
 
 5,694 Gallons of Diesel per year 
 139,000 BTU/gallon of diesel 
 1055.05585262 J/BTU 
 74100 kg CO2/TJ of diesel 
  
 A significant total of 61.9 metric tonnes of CO2 emissions was avoided each year by this 
project over a diesel generator for the village. 
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Alternative #2: Extending the power grid of the monopoly Belize Electricity Limited 
 
 San Benito Poite is 15 miles from the nearest village of Santa Teresa, which is 8+ miles 
from the power grid of BEL. While it would not be cost effective to extend the power grid to San 
Benito Poite, the Government of Belize and other organizations have a history of subsidizing the 
extension of the electrical power grid to provide service to remote villages. Therefore this report 
examines the carbon emissions avoided from this alternative. There are two sources of 
greenhouse gases to consider – from the power generation of BEL, and from the deforestation 
needed to run power lines for the 15 miles of right-of-way from the nearest village. 
 
 For the power use, no national carbon emissions per kWh has been determined for Belize. 
An average for the US power grid has been determined and is available under the eGRID system, 
which is listed at 7.78 x 10-4 metric tons CO2 / kWh. Given that Belize has a higher percentage of 
fossil fuels in its generation profile that the US, using this number will provide a conservative 
answer with regards to GHG emissions. 
 
24.27 metric tonnes of CO2 from grid-based power generation averted each year 
 
 With 15 miles of 30 foot wide right-of-way through mostly rainforest area (>80% 
forested), the carbon loss due to this deforestation would be: 
 
996 metric tonnes of Carbon Equivalent averted from one-time permanent deforestation 
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Socio-Economic Analysis  

Some quick facts: 

1. Fifty two percent (52%) of homes only use power for lights, while 20% of the homes use 
all of the power available to them.  There was room for additional equipment at no direct 
costs to the consumers.  This was a distinct privilege for the people of Poite. Average 
home power use is 7.3 kWh / month. 

2. Average home power use would be higher using incandescent light bulbs, approximately 
28.5 kWh / month. Beside social and economic benefits one must bear in mind the 
environmental impacts and “savings” which collectively translates into significant dollars. 

 
3. If using a Diesel Generator for the entire village to provide same power as solar systems, 

the cost would be $44.66 per month for each house.  At the time of this study no one paid 
for this service. 

4. The average home power bill in the country is in excess of $60 per month per household.  
In the case of Poite it is still “free” to the consumer. 

5. The Churches are important social places used for spiritual as well as shelters by the 
people of Poite; this system connects both the school and the churches.  Additionally, we 
have observed that there were some street lights.   

 
 The people of San Benito Poite were enjoying social-economic benefits and believed that as a 

result of the solar system  they actually socialize more. 

 Some of the social-economic benefits include: 

1. Use of electrical amenities and equipment, which was basically non existent 

before the solar electrification system. 

2. The village can communicate via telephone to the rest of the district and country.  

3. People were happy that they could socialize after dark, visit relatives and friends, 

watch television from neighboring Guatemala or a video / DVD. 

4. Treat the sick in times of emergencies which include accidents and birthing among 

others. 

5. It is also important to note that coming from a scenario where there were no form 

of lighting and electricity to one where the entire community benefited from it was 

of critical importance.    
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 In light of the fact that the system was “free” to all recipients, there is significant social 
and economic benefit.  

 Students studying  at both primary and secondary institutions were able to study with 
proper lights at night, making this an investment in the future with significant costs savings.   

This study showed that at least $22.00 would have had to be spent in orders to upkeep this system.  
An average home in the rest of the country would have to pay an average cost in excess of 60.00 
per month.  This is as much or more than many of the villagers make through slash and burn 
agriculture. 
 
 
 
Analysis of Costs involved making project sustainable 
 

 Cost Average life Cost per month 
per 
house/system 

Batteries $600 6 years $8.33 

Charge controller $485 10 years $4.04 

Inverter $225 6 years $3.13 

Panel $1200 25 years $4.00 

Fee for village 
board 

  $2.50 

Total    $22.00 
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Strengths, Weaknesses, Opportunities, Challenges (SWOC) Analysis 
 
STRENGTHS WEAKNESSES OPPRTUNITIES CHALLENGES 

Participants are very 

happy with the 

system (+80%). 

Prior sensitization 

was insufficient. 

The system can take 

on a greater load 

since only 20 % was 

being utilized fully. 

Sustainability issues.  

 

 

San Benito has 

telephone 

connectivity. 

General knowledge 

about the functions 

of the system was 

limited. 

43.3% were willing 

to pay $5/month. 

Willingness and ability to 

pay.  A significant amount  

(40%)  would prefer to pay 

nothing at all. 

Villagers used a 

wide variety of 

appliances that were 

inaccessible before. 

Political promises  

have proven 

extremely 

disadvantageous . 

Basic training on 

do’s and don’ts of 

the system is still 

relevant. 

Politicians often make 

outlandish promises which 

can  lead to poor planning 

and responsibility.  

Villagers, (63%)   

socialized and enjoy 

modern 

conveniences such 

as lights, videos, 

DVD, TV etc. 

No political 

structure in place at 

the community level 

to deal with this 

particular system. 

Villagers can lobby 

with their affiliates, 

GOB, NGO among 

others to assist with 

continuity. 

Leaders to be more 

proactive in restructuring 

the system for the good of 

the entire community. 

Only 6.6% 

mentioned the role 

played by the Italian 

donor. 

Some cables were 

exposed. 

Leaders are 

concerned and 

would like to see the 

system continue in 

the village. 

Repositioning of the 

panels and clearing some 

trees to get maximum sun 

rays. 

Most respondents 

felt safer with the 

systems especially 

the lights. 

The angle of the 

panels was not 

optimum. 

A word of gratitude 

is in order to the 

donor. 

There were some villagers 

(7%) who saw the need to 

for signed agreements and 

by-laws, as well as signs, 

posters, etc. 
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Parents were very 

happy that their 

children could study 

well at nights.  

 

 

 

 

An overwhelming 

amount did not see 

the need to have 

signed by-laws that 

would ensure better 

accountability and  

continuity of the 

system. 

(96.6%) would like 

to have even bigger 

solar system 

There is no system in 

place to ensure continuity 

and sustainability 

The system was 

described as very 

reliable. 

  Money and expertise to 

acquire resources is 

limited within community. 

The system costs 

“nothing” to the 

villagers.  

  The system costs 

“nothing” to the villagers.  

There were at least 

3 persons  very 

knowledgeable of 

the entire system 

and willing to assist. 
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Lessons Learned  
 

1. The residents of San Benito Poite were very happy with their Solar Electric System, 
primarily because of the lighting and the children’s education (90%).  

2. Not having a thorough appreciation of the community’s dynamics, governance and 
culture was identified as a challenge to the  sustainability of this project.  Most 
enjoyed the fact that the project was “free”.  Over half the persons interviewed didn’t 
know that the system was donated or who donated it. 

3. Individuals should not offer promises as this could lead to specific mind sets that are 
counterproductive.  Villagers were told that the systems would be replaced when they 
go bad.  This was not a true statement at the time. The effect now is the reluctance to 
pay for upkeep of the system. 

4. Eleven of the homes and the community center had inverters fail, most of them likely 
due to lightning. Turning off the 3rd and 4th circuit breakers when the inverter is off 
(especially during bad weather) will help extend the life of the inverters. Training on 
this should be included as part of all similar projects. 

5. A few of the solar panels in the village were in shade or partial shade for part of the 
day due to nearby trees or buildings. Trees should be cut down to eliminate shade. 
When a building is shading the panel, the panel should be moved (raised or moved 
entirely) 

6. When there is no written documentation, information gets thwarted and will result in 
misunderstandings.  It is important to avoid situations that lead to confusion or lack of 
commitment.  Transparency and clarity is paramount. 

 
 

Other Technical Observations 

 

 There were  some cables that could 

have been better situated, see photograph. 

 

The height from ground to the panels was 

considered a bit too low and it is 

recommended that the panels be mounted 

higher.  

 

 

There were some issues with the orientation of the panel. These should be raised to 0-15 degrees 

from horizontal towards the south-southwest to optimize the sunlight in this part of the world.  
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Opportunities   

 

 Since this was a pilot project there were several opportunities that exist, including: 
 

1. Establish a sustainability and continuity plan for existing and new solar systems  
This is important for policy makers as well as local leaders. 

2. There is room for additional equipment to the system as is since it is has not 
reached its utmost capacity.  

3. There was overall increased interest in solar systems among rural and remote 
communities of Toledo.  More systems will benefit the communities and the 
environment. 

4. Generate a policy and training manual to increase capacity and sustainability. 
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Light Bulb Replacement Project across Belize 
 

Overview of Project 
 
The Replacement of Incandescent Bulbs 
with Compact Fluorescent Bulbs was a joint 
project of the governments of Cuba and 
Belize. According to the records of the 
Cuban government, a total of 169,810 bulbs 
were purchased by the Government of Cuba 
for this project, and 168,912 of these were 
successfully exchanged at 69,810 locations 
across the country of Belize.  

 

Current State of Project 
Many households across Belize that 
continue to use and benefit from the free 
compact fluorescent bulbs they were given 
as replacements for their incandescent bulbs.  
 
Based on our survey results, 45% of 
recipients have had one of their CFLs 
replaced  Accepting that 69,810 homes 
exchanged bulbs, this would indicate 31,414 
bulb failures across the country. This leaves 
137,498 operating CFLs from this project (81.4%).  
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Methodology  
 
The strategies used to implement this part of the study were as follows: 
  

·  Developing Survey Questionnaires 
·  Visits 
·  Interviews with recipients of the fluorescents bulbs 
·  Data Collection and Analysis using Access software application  

 
Development of Survey Questionnaires: 
 
 The authors drafted a questionnaire instrument for the changing of the incandescent bulbs.   
 
Visits: 
 
 After fine tuning the questionnaire the authors travelled to villages, cities, and towns  
across Belize.  This was a bit challenging since there was no data base with addresses to visit 
directly.  As a result we had to go pretty much the way the Cubans and the BDF did…at random 
and asking any one we met if they had received the CFL.  
 
Interviews with recipients of the fluorescents bulbs: 
 
 Most persons were cooperative and often directed us if they knew someone who had 
received the new bulbs.  We were able to complete a total of 92 questionnaires which is barely 
reflective of the number of persons we met and spoke with.  While more data collection would be 
preferred, this was the best that could be accomplished within the limits of this consultancy. We 
found a consistent trend regardless of where the questionnaires came from.   
 
The areas are as follows: 
  

Toledo Stann 
Creek  

Cayo Belize Orange 
Walk 

Corozal 

San 
Antonio 

Hopkins Ontario 
 

Lords Bank 
 

Carmelita Corazol 
Town 

San 
Benito 
Poite 

Independence Santa Elena Belize City   

Big Falls  Georgeville    
Crique 
Jute 

 Belmopan    

Punta 
Gorda 
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 Data Collection, entry and analysis was carried out using database software application. 
One UB student was taught to use the system.  The authors carried out the final analysis of the 
information which is included in this document. 
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Survey Results  
 
Improper handling of the CFL:  
 
 Results show that since this project began in 2006 - 07 a total of 55% have had no 
problems with their new bulbs. 
 

CFLs Replaced To Date

45%

55%

yes

no

 
 

Reason for Replacing CFL

5%

60%

30%

5%

Blown fuse

broke handling

burnt out

salt air

 
 
However, there were some breakages.  This was most commonly 
due to bad handling.  Many of the recipients were never taught 
how to hold the bulbs.   
As a result they held them by the glass part instead of the metal 
part.  The result of course was that they all got broken.  It is 
important to bear this in mind when doing another bulb 
replacement project.  
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Overall Satisfaction: 
 
 A total of 83% of persons interviewed indicated their satisfaction with the CFL based 
upon its economics and brightness. 

Reasons why CFL's are liked

40%

43%

10%

4%1%1%1%

brightness

economic

less heat

durable

elegance

spacious

easy to use

 
 
 
Pay less for the same services: 
 
 A total of 65 % agreed that they were paying slightly less for their electricity.  The 
authors note however that a significant amount thought that it was not so easy to indicate with 
any certainty how much less they were paying, since electric rates in general seemed to have been 
going up. 

Are you paying less for light?

65%

35%

Less 

Not Less
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Amount of Light Use: 
 
 While the average house had at least one light on for 6.2 hours per day, the average time 
per bulb to be on was found to be 4.5 hours per day. The reason for this is that oftentimes one 
light in the house is burned for a longer period of time than others. 
 
A few challenges with the new bulbs: 
 
The problems were as follows: 
 Blown fuses    5% 
 Damage when poorly handled 60% 
 Burnt out    30% 
 Salt air     5% 
 
 This demonstrates that the major problem with the new bulbs was poor handling.  Blown 
fuse and salt air accounted for a very low percentage of the problems.  
 

Reason for Replacing CFL

5%

60%

30%

5%

Blown fuse

broke handling

burnt out

salt air
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Expectations for future bulb purchase: 
 
 Without any hesitation the authors believe that the interviewees will buy new CFLs.  A 
total of 88% stated that they will buy new bulbs that were fluorescents.  As was similarly 
expected there will be a few “die hards”; since 7% stated that they will stick to their old 
incandescent bulbs.  As a matter of policy the authors have recommended that these bulbs be 
eventually outlawed in the country of Belize. The good news is, that this study indicates that the 
vast majority were prepared to make the changes themselves based on the economic bottom line. 
 

Future types of bulbs expected to purchase

7%

62%

26%

5%

incandescent

CFL

new

no answer

 
 
Suggested Changes for continuity of Project or establishment of new ones: 
 
 Interviewees shared their great dissatisfaction with the distribution of the bulbs.  Some got 
and others didn’t.  As well there were some who got more and others who got less.  In a small 
community such as Belize this could be a major source of discontent and resentment.  Many were 
unreserved with their perception that a lot of “politics” was played with this project.  They 
recommended the need for much more transparent system of distribution, others were of the view 
that some more visitations after the replacements could have been done. Similarly important in 
the views of the respondents were that proper consultation could have been done.  Others were 
concerned with having trained person and some basic education to the recipients.   

Suggested Changes to Project Implementation

20%

28%

12%

24%

6%

10%

Changes -- more consultation

Changes -- More education

Changes -- Trained set of people

Changes -- regular visits

Changes -- None

Changes -- Other (Distribution)

 



 34

 
 
Will Respondents recommend this project?  
 
The overwhelming answer was a positive yes.  On a scale of 0 (recommend against CFL) to 10 
(strongly recommend in favour of CFL), the recipients of the lights gave an average (mean) 
recommendation of 8.02, with 2 people giving a recommendation of 0 and 18 people giving a 
recommendation of 10 (mode). The median recommendation given was 9. 
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GHG Emissions Analysis  
 
Assumptions: 
 

·  The Cuban reports of 168,912 bulbs installed was accurate 
·  Our survey results of 0.126% of the homes involved can be fairly extrapolated 
·  Compact Fluorescent bulbs use 25% of the power of the incandescent they replaced 
·  The average incandescent bulb in Belize is 66.2W, as bulbs commonly come in 75W and 

60W, as well as 25W, 50W, and 100W 
·  The average light bulb is on for 4.5 hours 
·  The eGRID value of 0.00078 metric tonnes of CO2/kWh is a conservative figure to use in 

Belize 
 
Results: 
 
13,775 MWh of electricity could have been saved annually 
11,213 MWh of electricity are being saved after bulb breakage 
 
8,724 metric tonnes of CO2 are being saved annually 
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Socio-Economic Analysis 

Over 83 % of the respondents stated that liked the CFLs because they were more economical and  
brighter .   
 
This study shows that 62% would not hesitate to buy new CFLs when the ones they have need 
replacement.  This was good news for policy makers and environmental/economic leaders. 
 
Results showed that 63% of the respondents indicated that they were paying less (electric bills) 
because of the CFL.   
 
This project had significant economic benefits but had no social benefits other than the economic 
ones. 
 
While an average of 2.42 bulbs were initially provided to each household, there was significant 
breakage most commonly due to the recipients not understanding proper handling procedures, 
resulting in an average of 1.97 bulbs provided to each household.  
 
Given that the average incandescent light bulb being replaced used 66.2 watts and that compact 
fluorescent technology uses 75% less power than incandescent, at a cost of BZ$0.35/kwh the 
average home was saving $56.22 each year in electricity costs. The average person in the survey 
was paying $61.95 monthly so this represents a 7.6% savings in electricity costs to the typical 
recipient.  
 
Unfortunately, the cost of electricity had continued to increase, so that the average recipient did  
not see the extra cash in their pockets. 
 
During potential peak hours just before and just after dark, this project may have reduced peak 
demand on BEL by 6.8 MW. It also saves BEL from needing to purchase more than 11,200 
MWh annually. Given that BEL already purchases expensive diesel based power from Mexico to 
meet the demand in Belize, this project helps BEL significantly in trying to keep electricity costs 
lower and increasing national security. 
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Strengths, Weaknesses, Opportunities, Challenges (S WOC) Analysis  

STRENGTHS  WEAKNESSES OPPORTUNITIES CHALLENGES 

CFLs Saves energy. The distribution was 
unsatisfactory to 
both recipients and 
non recipients who 
were left with some 
expectations 

It was a pilot project 
and any further 
intervention could profit 
from the errors and 
weaknesses of this 
project 

Policies of GOB to 
reduce and 
eventually ban 
incandescent bulbs  

People were paying 
less electricity bills 
and.  An estimated 
$3.9 million BZE 
dollars were saved 
over the last year 

No effective, 
systematic or 
transparent 
methodology was 
developed to 
introduce, deliver or 
monitor this project  

Develop a 
comprehensive plan of 
monitoring and 
continuity/expansion of 
this project  
 

Financing of public 
awareness and 
campaigns to reach 
people who are 
involved or may 
become involved in 
energy saving bulbs 
(or systems) 

Overall, people 
were willing to 
change the bulbs 
themselves 

Unfortunately a 
small number 
confirmed that they 
will stick to their 
incandescent bulbs  

General public 
education that could 
lead to replacement of 
incandescent to energy 
efficient bulbs    

Find a palatable way 
of dealing with those 
who will reject 
change 
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Lessons Learned 
 
Through this study the authors learnt several lessons: 

1. Recipients needed information before adapting to any new system. 
2. It was important to deliver practical training to the recipients.  Over 12% of the 

bulbs were broken due to improper handling.  This could have easily been avoided. 
3. Communities perception of fairness and equality is important in the distribution 

process. 
4. Majority of the persons interviewed were willing to buy the CFLs on their own 

because they saw the benefits (economic and otherwise) of it for themselves.  
Seeing and feeling is believing. 

 
 
 
 
 

Opportunities 
 
 There are some opportunities the authors would like to emphasize: 

1. Generate public awareness to share the benefits of CFLs versus incandescent bulbs. 
2. GOB can set a policy or outlaw incandescent bulbs. 

3. Incentives to entities individuals or firms involved with promoting or establishing of 
energy efficient systems.



 39

Recommendations 

  

The possibility of assisting the village of San Benito Poite with formalizing ownership 
and focussing on sustainability issues for the solar electric power project should be explored. If 
the village can work out the ownership issues, training should be made available to a “village 
electricity board” so that sustainability can be addressed.  

 Additional funding to assist with the years that have passed without this being addressed 
would be appropriate. In recent months, other villages in Toledo have also received solar electric 
power systems, and these should also be helped with the lessons learned in San Benito Poite. 

 There are several more villages that do not currently have access to electric power. Once a 
system for ensuring the sustainability of the systems has been identified and tested, solar electric 
power should be made available in these villages as well. 

 GOB, local government, and funding agencies should implement a series of policies, 
incentives, and perhaps laws to promote the use of compact fluorescent lights and discourage the 
use of incandescent lights. These might include high taxes on incandescent lights coupled with 
tax exemption for CFLs, banning the importation of incandescent lights into Belize, requiring that 
educational materials be included with BEL bills, or other similar measures. 

 Clearly written documentation must be provided and signed when implementing projects 
in the communities to avoid ambiguities. 
 
 There is a need to carry out educational programmes on global climate change in Belize. 
 
 Getting national and local governments to work together on projects and programmes 
such as this would increase efficient implementation and produce a higher success rate 
(sustainability). 
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Conclusions 
 

 Both of the projects provided important socio-economic and poverty alleviation benefits, 
and were valuable tools that the Government of Belize used to assist with sustainable economic 
development.  

 These projects contributed to the mitigation of greenhouse gas emissions in Belize which 
is an extremely valuable side effect of both of these projects. 
 
 Due to the fact that these projects were completed for social, economic, and poverty 
alleviation purposes, the recipients identified these both as the reasons for the projects and as the 
advantages of the solar systems and/or compact fluorescent lights provided to them.  
 
 None of the recipients indicated that global climate change mitigation was an advantage, 
although this study clearly indicates such. This opens a door for education about global climate 
change issues in Belize. 

 While greenhouse gas abatement was not a goal of either project, the significance of these 
measures with respect to emissions from this developing country should be recognized and 
appreciated at the local, national, and international levels. 
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Acronyms Used 
 
AC   Alternating current  
CCCCC  Caribbean Community Centre for Climate Change  
(Q)   Quetzal (Guatemalan Currency)  
BZE   Belize 
DC   Direct current  
GOB   Government of Belize 
UNFCCC  United Nations Framework Convention on Climate Change  
UNCED United Nations Conference on Environment and Development  
TDC                            Toledo Development Corporation 
CFL Compact Fluorescent Light 
TSAP Toledo Strategy and Action Plan 
ESTAP Environmental, Social and Technical Assistance Project  
kWh   Kilowatt hour 
MWh   Megawatt hour 
IPCC   International Panel on Climate Change 
CARD   Community Initiated Agricultural and Rural Development  
PUC   Public Utilities Commission 


